Zamjahn JB, Quinton LJ, Mack JC, Frevert CW, Nelson S, Bagby GJ. Differential flux of macrophage inflammatory protein-2 and cytokine-induced neutrophil chemoattractant from the lung after intrapulmonary delivery. Am J Physiol Lung Cell Mol Physiol 301: L568 -L574, 2011. First published July 8, 2011 doi:10.1152/ajplung.00340.2010.-Previously we showed that cytokine-induced neutrophil chemoattractant (CINC), but not macrophage inflammatory protein-2 (MIP-2), is detected in plasma after intratracheal challenge with LPS or the particular chemokines. To further understand the differences between CINC and MIP-2 flux from the lung, we attempted to detect the two chemokines in isolated erythrocytes and leukocytes in rats after intratracheal LPS challenge. In response to intratracheal LPS, we found both CINC and MIP-2 in isolated erythrocytes and leukocytes, suggesting that MIP-2 produced in the LPS-challenged lung entered the circulation like CINC. To assess the relative flux of CINC and MIP-2 from the intra-alveolar compartment into the blood, experiments were performed in rats implanted with vascular catheters in which both chemokines were either injected intratracheally (5 g) or infused intravenously (20 ng/min) and subsequently measured in plasma or with the cellular elements. Both chemokines appeared in the blood following intratracheal injection, with CINC detected in plasma and cells but MIP-2 only detected in the cellular fraction of blood. Infusion of both chemokines allowed detection of MIP-2 and CINC in plasma and with the cellular elements, which allowed us to calculate clearance for each chemokine and to assess CINC and MIP-2 rates of appearance (Ra) following intratracheal injection. On the basis of plasma and whole blood clearance, CINC Ra was more than sevenfold and fourfold higher, respectively, than MIP-2 Ra. This analysis indicates that differences exist in the rate of flux of CINC and MIP-2 across the epithelial/endothelial barrier of the lung, despite similar molecular size.
for neutrophil migration into the alveoli (4, 5, 20, 24) . Antibody neutralization of either chemokine significantly attenuates neutrophil migration into the intrapulmonary compartment during infection and decreases bacterial clearance (5, 7, 28) .
Previously we reported that CINC, but not MIP-2, appears in the plasma in response to intratracheal (IT) challenge with LPS despite their similar molecular size (7.8 and 7.9 kDa, respectively) and high levels of lung production of both cytokines (20) . In this former study, increased CINC and MIP-2 mRNAs in response to IT LPS challenge were largely confined to lung tissue, where high levels of both proteins were found in bronchoalveolar lavage (BAL) fluid. When recombinant CINC (rCINC) and/or recombinant MIP-2 (rMIP-2) were injected IT, only CINC was detected in plasma, where it exhibited a sustained plateau for up to 4 h without induction of CINC mRNA (20) . During this time, MIP-2 was not detected in plasma. Furthermore, in response to IT administration of 125 IrCINC, but not 125 I-rMIP-2, plasma CINC possessed similar specific activity to that recovered in BAL fluid (20) . From these results, we concluded that CINC, but not MIP-2, is selectively transported from the intrapulmonary compartment into the plasma. However, not considered in this previous work was the possibility that MIP-2 did enter the blood but was bound to cellular elements, thus preventing its detection in the plasma. CINC and MIP-2 exhibit high-affinity binding to CXCR2 on leukocytes (15) and vascular endothelial cells (21) and to Duffy antigen receptor for chemokines (DARC) on erythrocytes (3, 18) and endothelial cells (8) . All chemokines bind to glycosaminoglycans and this interaction has been proposed to control the function of CXC chemokines in tissues (6) . Differential binding to these CXC binding molecules could alter flux and/or plasma concentrations. For example, it is known that CXCR2 receptors possess differential affinities for each chemokine, with MIP-2 exhibiting 70-fold greater binding affinity over CINC (16) . Previous research has suggested that DARC functions as a CXC chemokine sink and possibly plays a role in sequestering circulating chemokine concentrations to cellular elements (3, 18) . Additionally, DARC on venular endothelium has been proposed to mediate transport of CXC chemokines from the abluminal to luminal surface through binding, internalization, and transcytosis (12) .
Because of these interactions and the fact that they may vary between CINC and MIP-2, we performed an initial set of experiments to determine whether MIP-2 produced in response to intrapulmonary LPS challenge or CXC chemokines delivered into the lungs appears in the blood but is sequestered on the cellular elements of the blood, preventing its detection in plasma. Because we found substantial amounts of both CINC and MIP-2 associated with the cellular elements of blood, additional experiments were performed to analyze the relative flux of CINC and MIP-2 from the intrapulmonary compartment into the circulation in response to IT administration. In addition, plasma and whole blood clearances of CINC and MIP-2 during intravenous (IV) steady-state infusion were calculated and used to assess flux following IT administration of these CXC chemokines.
MATERIALS AND METHODS
Reagents. Rat rCINC, rat rMIP-2, and Cytoscreen ELISA kits for rat MIP-2 were obtained from Biosource (Camarillo, CA). Rabbit anti-rat GRO/KC [growth-related protein/keratinocyte-derived cytokine (CINC)] capture antibody and biotinylated anti-rat CINC-1 detection antibody for CINC ELISA assay were purchased from PeproTech (Rocky Hill, NJ) and R&D Systems (Minneapolis, MN), respectively. Escherichia coli-derived LPS (serotype 026:B6), Triton X-100, methyl cellulose, and normal mouse plasma were purchased from Sigma-Aldrich (St. Louis, MO). Bovine serum albumin and fetal bovine serum were purchased from HyClone (Logan, UT). Complete protease inhibitor cocktail was purchased from Roche Applied Science (Indianapolis, IN). Ketamine and xylazine were obtained from Butler Schein Animal Health Supply (Dublin, OH). Isoflurane was purchased from Minrad (Bethlehem, PA). Gentra RBC lysis buffer was obtained from Qiagen Sciences (Valencia, CA). PBS was purchased from Life Technologies (Grand Island, NY).
Animals. Animal experiments were submitted to and approved by Louisiana State University Health Sciences Center Institutional Animal Care and Use Committee. Male virus antibody-free SpragueDawley International Gold Standard rats (Charles River Laboratories, Wilmington, MA) weighing 250 -330 g were housed in a controlled environment (12:12-h light-dark cycle) and had access to standard rodent chow and water for at least 1 wk prior to initiating experiments.
IT LPS administration. One set of rats was administered 0.1 mg LPS IT in 0.5 ml saline or vehicle under isoflurane anesthesia. Rats were anesthetized with an intramuscular injection of ketamine and xylazine (50 mg/kg and 5 mg/kg, respectively) 2 h after LPS administration to obtain blood and then euthanized. Red blood cells (RBCs) and white blood cells (WBCs) were isolated for analysis of CINC and MIP-2. WBCs were isolated by adding 12 ml Gentra RBC lysis buffer per 1 ml whole blood per manufacturer's instructions and washed twice with PBS. After counting they were lysed in PBS containing 1% Triton X-100 plus Complete protease inhibitor cocktail and frozen at Ϫ80°C until assayed. RBCs were isolated by mixing 1 ml methyl cellulose (2% wt/vol in PBS at room temperature) per 2 ml blood and centrifugation. The RBC fraction was diluted 1:10 with PBS, lysed with 500 mM NaCl containing 0.1% Triton X-100 and 0.25% bovine serum albumin, and stored at Ϫ80°C until assayed.
IT and IV chemokine administration. One day prior to experiments, catheters were implanted into a carotid artery and jugular vein of rats under ketamine and xylazine anesthesia as previously described (20) . Rat rCINC and rMIP-2 (ϳ5 g each) were injected IT in 0.5 ml saline to one group of rats under isoflurane anesthesia. A separate group received rCINC and rMIP-2 intravenously as an infusion (ϳ20 ng/ min) for 4 h. As both CINC and MIP-2 are produced together in response to IT LPS, a coinjection or coinfusion of full-length rCINC and rMIP-2 proteins were used in the present set of experiments. Previously we showed similar rat plasma CINC levels whether rCINC was administered intratracheally alone or in combination with rMIP-2 (20) . Also, IT rMIP-2 alone did not result in any change in plasma CINC concentrations. Likewise, plasma MIP-2 was not detected after IT injection of rMIP-2 alone or in combination with rCINC.
During experiments, arterial blood samples (0.6 ml) were drawn at selected time points over a 4-h observation period. Rats were euthanized at 4 h under isoflurane anesthesia for us to perform BAL and obtain a final blood sample. Plasma was separated from blood cells, which were washed twice with PBS. A 0.1-ml aliquot of blood cells was lysed with PBS containing 1% Triton X-100 plus Complete protease inhibitor cocktail. Plasma and cell lysis samples were stored at Ϫ80°C until assayed for CINC and MIP-2 protein concentrations. Hematocrits were determined on blood and isolated blood cells and used to normalize cytokine concentrations to 1 ml of packed blood cells.
Measurement of CINC and MIP-2. MIP-2 was determined in all samples by using the Cytoscreen ELISA kit for MIP-2 and the procedures supplied by the manufacturer. CINC was measured by a specific ELISA using paired antibodies as previously described (32) with the exception that we used rabbit anti-rat GRO/KC (CINC) capture antibody from PeproTech. Standard CINC and cell lysis samples were prepared with a PBS dilution buffer containing 2% heat-inactivated fetal bovine serum, and standard CINC and plasma samples were prepared with a PBS dilution buffer containing 5% normal mouse plasma.
Statistical analysis. All values were expressed as means Ϯ SE of the number of animals noted in each figure. Statistical significance was analyzed by using Proc mixed (23) two-way with repeatedmeasures model (chemokine ϫ time within subject) unless otherwise noted in the figure legend. Post hoc pairwise comparisons were performed by Tukey-Kramer range test (10) . Proc mixed (23) (mixed analysis of variance) two-way model (chemokine ϫ route) was used to analyze baseline data. Differences were considered statistically significant at P Ͻ 0.05.
RESULTS

Distribution of chemokines in blood in response to IT LPS challenge.
Both CINC and MIP-2 were detected with isolated erythrocytes and leukocytes following IT challenge with LPS ( Fig. 1 ). This observation suggests that LPS-induced production of CINC and MIP-2 in the lung enters the systemic circulation. To confirm this we examined the chemokine partitioning between the cellular elements and plasma of blood following IT coinjection of rCINC and rMIP-2 (5 g, each). Additionally, we examined the kinetics of CINC and MIP-2 flux from the lung to the blood.
Baseline distribution of chemokines in blood. Plasma and cell-associated CINC and MIP-2 concentrations were measured in blood obtained before IT or IV administration of rCINC and rMIP-2 ( Fig. 2) . Baseline blood CINC and MIP-2 concentrations were similar in rats receiving IT (633 Ϯ 177, 866 Ϯ 93 pg/ml, respectively) or IV (1,074 Ϯ 179, 1,085 Ϯ 277 pg/ml, respectively) chemokines. CINC was detected in plasma and the cellular elements of blood, and the distribution between plasma and the cellular elements did not differ between IT and IV treated groups. However, MIP-2 was only detected with the cellular elements. For all subsequent figures, the chemokine concentrations shown are above baseline values. There were no differences in hematocrit between groups over the 4-h observation period (data not shown).
Chemokine distribution in blood in response to IT coinjection of rCINC and rMIP-2. After IT coinjection of rCINC and rMIP-2 [5,054 Ϯ 59 ng (SD) and 4,873 Ϯ 139 ng (SD), respectively], on the basis of measured values in the injectate, plasma MIP-2 levels remained undetected, whereas CINC concentrations were significantly elevated above baseline (284 Ϯ 128 pg/ml) throughout the entire 4-h observation period, reaching steady state at 2 h (Fig. 3A) . Both cellassociated CINC and MIP-2 concentrations were significantly elevated above baseline (P Ͻ 0.05) and remained unchanged between 2 and 4 h (Fig. 3B) . However, during this interval, cell-associated CINC concentrations were significantly higher (P Ͻ 0.01) than MIP-2 concentrations (8,518 Ϯ 1,394 and 2,369 Ϯ 386 pg/ml packed cells, respectively). From measured values in plasma and the cellular components of blood, the amount of each chemokine in 1 ml of whole blood was calculated by taking into account hematocrit. Whole blood CINC (3,698 Ϯ 652 pg/ml) and MIP-2 (836 Ϯ 159 pg/ml) concentrations did not change between 2 and 4 h after IT coinjection of chemokines (Fig. 3C ). During this interval the whole blood MIP-2 concentration over baseline was ϳ23% of that for CINC (P Ͻ 0.01).
Chemokine distribution in blood in response to a constant IV coinfusion of rCINC and rMIP-2. Constant-rate IV coinfusion of rCINC and rMIP-2 for 4 h was used to assess distribution of CINC and MIP-2 between plasma and the cell components of blood under conditions in which the rate of appearance was largely known. Infusion rates for CINC and MIP-2 were 20.8 Ϯ 1.4 (SD) and 16.8 Ϯ 1.6 (SD) ng/min, respectively, on the basis of measured values in the infusate. During the final 2 h, plasma CINC and MIP-2 concentrations plateau with plasma CINC concentrations ϳ15-fold higher than MIP-2 levels (Fig. 4A) . In contrast, cell-associated CINC and MIP-2 concentrations increased to similar concentrations (Fig. 4B ) exhibiting a CINC/MIP-2 ratio of 1.27 Ϯ 0.15. The ratio of plasma to cell-associated CINC was 0.112 compared with 0.009 for MIP-2 (P Ͻ 0.01) (Fig. 4, A and B) . As with plasma, whole blood CINC and MIP-2 concentrations (sum of plasma and cell-associated chemokine concentrations adjusted for measured hematocrits) plateau between 2 and 4 h with CINC concentrations ϳ1.46 Ϯ 0.17-fold higher than MIP-2 concentrations (P Ͻ 0.05) (Fig. 4C) .
Rate of chemokine clearance from plasma and whole blood. Because CINC and MIP-2 concentrations did not change between 2 and 4 h of infusion, the clearance of CINC and MIP-2 was calculated as the respective chemokine infusion rate (pg/ ml) divided by the chemokine concentration in plasma and blood during the plateau period (Fig. 4, A and C) . The rate of plasma chemokine clearance was significantly higher for MIP-2 (ϳ12-fold higher) than that for CINC (Fig. 5) . However, the magnitude of whole blood chemokine clearance did not differ between MIP-2 (4.06 Ϯ 0.37 ml·min Ϫ1 ·kg Ϫ1 ) and CINC (3.66 Ϯ 0.51 ml·min Ϫ1 ·kg Ϫ1 ) (Fig. 6 ). Rate of chemokine appearance into plasma and whole blood after IT chemokine administration. The rate of chemokine appearance (Ra) after IT coinjection of rCINC and rMIP-2 was calculated as the respective chemokine clearance rate (ml·min Ϫ1 ·kg Ϫ1 ) (Figs. 5 and 6) multiplied by the chemokine concentration in plasma and blood during the 2-4 h steady state (Fig. 3, A and C) . The plasma CINC Ra was 14,812 Ϯ 3,253 pg·min Ϫ1 ·kg Ϫ1 . Plasma MIP-2 Ra could not be determined because plasma MIP-2 concentrations were undetectable (Fig. 3A) . However, on the basis of the lowest MIP-2 assay standard (10 pg/ml) used in this study, the calculated plasma MIP-2 Ra is Յ1,932 pg·min Ϫ1 ·kg Ϫ1 . This suggests that plasma CINC Ra was greater than sevenfold that of plasma MIP-2 Ra. In whole blood the MIP-2 Ra could be calculated because of its elevated cell-associated concentration. The whole blood CINC Ra (13,521 Ϯ 2,384 pg·min Ϫ1 ·kg
Ϫ1
) was approximately fourfold higher than that for MIP-2 Ra (3,396 Ϯ 648 pg·min Ϫ1 ·kg Ϫ1 ), P Ͻ 0.05, (Fig. 7) .
Comparison of whole blood MIP-2-to-CINC ratios observed after coadministration of chemokines by IT injection and as a constant rate of IV infusion.
To help control for any inherent assay bias when comparing different chemokines and to further assess whether the rates of CINC and MIP-2 flux from the pulmonary compartment differ, we compared whole blood CINC-to-MIP-2 ratios observed 2-4 h after chemokine administration by IV infusion and by IT injection, as previously described (Fig. 8) . During the final 2 h of observation, the ratio of CINC to MIP-2 was 1.46 and 5.62 when chemokines were administered intravenously and intratracheally, respectively. Because CINC was infused at a higher rate than MIP-2 as indicated above, the difference in these ratios indicate that CINC leaves the lung at a faster rate than does MIP-2 when equal concentrations of chemokines are intratracheally coadministered, assuming that clearance is similar in the two experiments.
DISCUSSION
In contrast to our previous studies (20, 33) , this study shows that MIP-2 produced in response to intrapulmonary LPS challenge or CXC chemokine delivered into the lungs appears in the blood, with plasma concentrations being maintained below the limit of detection by rapid binding to cellular elements, neutrophil CXCR2 and erythrocyte DARC. As in previous Fig. 4A) . Values are expressed as means Ϯ SE (n ϭ 5). *P Ͻ 0.05 compared between chemokines. Fig. 6 . Whole blood clearance rates for CINC and MIP-2 calculated by use of steady-state whole blood chemokine concentrations (combined plasma and cell-associated chemokine concentrations adjusted for measured hematocrits), observed 2-4 h into a constant IV coinfusion of CINC and MIP-2 (Fig. 4C) . Values are expressed as means Ϯ SE (n ϭ 5). No significant difference was observed between chemokine clearance rates at 2, 3, or 4 h of chemokine infusion. Fig. 7 . Whole blood rates of appearance for CINC and MIP-2 calculated from previously determined chemokine clearance rates using IV data (Fig. 6 ) and steady-state whole blood chemokine concentrations observed 2-4 h after IT coinjection of CINC and MIP-2 (Fig. 3C) . Values are expressed as means Ϯ SE (n ϭ 6). *P Ͻ 0.05 compared between chemokines at the same time point. studies (20, 33) , CINC, but not MIP-2, was detected in the plasma. However, CINC and MIP-2 were associated with erythrocytes and leukocytes and were substantially increased over baseline following IT LPS or chemokine challenges. Our data cannot preclude the possibility of pulmonary endothelial/ epithelial-or monocyte-derived CINC and MIP-2 produced in response to IT LPS entered the circulation without first appearing within the intrapulmonary compartment. However, the finding that both chemokines increase in the blood following IT chemokine administration indicates the capability of intrapulmonary CINC and MIP-2 entering the blood compartment. This, together with the high concentrations of both chemokines recovered by BAL following IT LPS challenge, indicates the strong likelihood that some intrapulmonary-derived CXC chemokines enter the blood following intrapulmonary infections. This is further supported by our inability to detect LPS in the circulation following IT LPS challenge (33) .
In the present study, we did not use radiolabeled chemokines to verify flux of these chemokines from the lung into the blood. However, it is highly unlikely that the substantial increase of CINC in the plasma and CINC and MIP-2 associated with blood cells came from an endogenous source after either IV or IT administration of these chemokines. In our previous study (20) we showed that 1) CINC is detected in plasma within 5 min of IT CINC administration; 2) plasma CINC specific activity following IT 125 I-CINC injection is similar to that recovered by BAL, indicating that CINC readily moves from the intrapulmonary compartment to the blood, accounting for the CINC found in the plasma; and 3) CINC mRNA was low to nondetectable and did not increase in lung and selected extrapulmonary tissues following IT CINC. Because CINC and MIP-2 signal through CXCR2, it is reasonable to assume that neither IT CINC nor MIP-2 elicits MIP-2 mRNA production as well. Furthermore, in the present study, similar kinetics and distribution between plasma and the blood cellular elements were observed for CINC and MIP-2 infused intravenously, albeit somewhat higher concentrations, compared with IT injection.
When rats were administered both chemokines by IT injection, more CINC than MIP-2 was found in the blood. The greater amount of CINC compared with MIP-2 detected in blood after IT CXC chemokine challenge is due to either decreased CINC clearance and/or increased CINC flux from the lungs compared with MIP-2. Although MIP-2 plasma clearance was substantially greater than CINC, differences were not statistically different when considering whole blood clearance (Figs. 5 and 6 ). Therefore, differences in CINC and MIP-2 flux from the lungs to blood is in part responsible for the greater amount of CINC compared with MIP-2 detected in blood after IT CXC chemokine challenge. In this regard, calculated CINC Ra from the lung into blood was significantly higher compared with MIP-2 Ra. This difference in flux may potentially be attributed to differential chemokine binding to glycosaminoglycans within the lung. Given the caveat of different species, murine MIP-2 exhibits slower association and dissociation kinetics to heparin and diffuses more slowly across an in vitro extracellular matrix containing heparan sulfate, compared with mouse KC (CINC) (26) . Similar differences in rat plasma CINC and MIP-2 levels following IT injection have been observed for the murine CXC chemokines KC (CINC) and MIP-2 (26) . Also, murine KC and MIP-2 and rat CINC and MIP-2 share considerable identity in their putative heparin-binding domain ( Table 1) .
The substantial clearance of MIP-2 from plasma compared with CINC may also be attributed to selective chemokine binding to CXCR2, DARC, and/or glycosaminoglycans. Although neutrophil CXCR2 has a 70-fold greater affinity for MIP-2 than CINC (16) and degradation may have occurred after binding to CXCR2, as has been shown to occur for CXCL8 (22) , it is unlikely given the relatively low numbers of leukocytes expressing CXCR2 (neutrophils) compared with other cell types (erythrocytes and other leukocytes). Additionally, we found that CINC and MIP-2 were not appreciably degraded when added to whole blood during a 90-min incubation period at 37°C (data not shown). Preferential binding to erythrocytes via DARC does not account for this clearance difference because when the two chemokines are infused intravenously cell-associated CINC and MIP-2 concentrations did not differ and exhibited the same CINC-to-MIP-2 ratio as infusate, suggesting that DARC exhibits similar binding affin- 
The COOH-terminal regions of the chemokines have been aligned on the last cysteine; the positively charged amino acids arginine (R) and lysine (K) are in bold type; and the 4 amino acids of the GAG-binding domain found in the COOH-terminus of human CXCL8 are italicized. The glycosaminoglycan-binding domain of human CXCL8 consists of the 5 positively charged amino acids, K20 (not shown), R60, K64, K67, and R68. MIP-2, macrophage inflammatory protein-2; CINC, cytokine-induced neutrophil chemoattractant; KC, keratinocyte-derived cytokine. *Mutations in K64 and R68 caused the largest decrease in heparin binding (11) . ity for MIP-2 and CINC. These findings exclude selective chemokine clearance by the cellular elements of blood as a mechanism accounting for this difference and suggest that plasma clearance of chemokines potentially involves differential flux into extravascular compartments, perhaps through preferential binding to vascular endothelium CXCR2, to heparin-like molecules of vascular endothelium, and to DARC expressed on postcapillary venules. These potential mechanisms require further investigation.
Determining that the difference between CINC and MIP-2 flux was statistically significant depended on performing statistical analysis between CINC and MIP-2 concentrations, clearances, and rates of appearances. The validity for this somewhat depends on the respective assays for the two chemokines to be similarly quantitative for both plasma and cellular extracts. To avoid this problem, we compared ratios of CINC to MIP-2 in whole blood from rats administered the two chemokines by IT injection or IV infusion. This comparison controls for differences in assay accuracy assuming that the accuracy was the same in both series of experiments. That the ratio after IT administration of chemokines was 380% of the ratio observed following IV infusion of chemokines indicates that the flux of MIP-2 from the lung into the circulation is impeded compared with CINC. This is in agreement with our finding of higher whole blood CINC Ra compared with MIP-2 Ra.
In this study, we used full-length rCINC and rMIP-2 proteins devoid of posttranslational modification, which might alter chemokine flux. Three types of posttranslational modification of chemokines are possible: glycosylation, citrullination, and proteolysis. Other studies have shown that such modifications can increase or decrease chemokines' known functions. For example, citrullination of CXCL8 and proteolysis of CXCL11 decreased the ability of these two chemokines to bind to glycosaminoglycans (2, 19) . Citrullination and proteolysis also alter the ability of chemokines to promote tissue inflammation and in vitro chemotactic activity (2, 19, 15) . However, these studies also showed that these endogenous chemokines existed in different posttranslational forms. Furthermore, the rCINC and rMIP-2 used in the present study are well characterized in vitro and in the lungs of rats, where they are shown to have neutrophil chemotactic activity. Whether posttranslational modifications of rat CINC and/or MIP-2 alter their flux from the lungs is not known and will require further study.
Selective partitioning of CINC and MIP-2 in whole blood and differences in flux of these chemokines from the lung may be a potential means by which effective chemokine gradients are manufactured, enabling relatively higher chemokine concentrations at local sites of inflammation and infection. By sequestering MIP-2 from plasma, cell migration toward areas of higher MIP-2 concentration (i.e., lung) could be promoted, as well as lessening desensitization of neutrophil responses to subsequent CXC chemokine exposure, as a result of previous MIP-2-CXCR2 binding (25) . Liberated but effective concentrations of plasma CINC may enhance neutrophil recruitment to sites where needed (20) or potentially coordinate with the cytokine granulocyte colony-stimulating factor to mobilize neutrophils from the bone marrow (31) . Possibly, the bioavailability of CINC but not MIP-2 may allow sufficient marrow mobilization while maintaining local gradients toward MIP-2.
In conclusion, our findings of differences in the rate of flux of CINC and MIP-2 across the epithelial/endothelial barrier of the lung and drastic differences in whole blood distribution further support that CINC and MIP-2 are not redundant chemokines and that novel mechanisms exist that control the differential flux of chemokines from lungs into the circulation.
